In this work it is shown that one of the most employed filtering systems for use in continuous-flow industrial microwave ovens, namely doubly corrugated filters, does not work properly for many values of the electric permittivity of the processed material when it is partially filled. Thus, a novel bandstop filter which solves these inconveniences, based on a combination of metallic irises and double corrugations, is designed by means of CST Microwave Studio® and experimentally validated.
Introduction: Corrugated reactive filters [1] are one of the most employed choices that have been proposed in technical when dealing with the leakage problem in continuous-flow industrial microwave ovens that employ open-ended waveguide ports. Singly and doubly corrugated structures have been studied in [2, 3] with no material inside the filter. Results when designing bandstop filters in this case may be different from those obtained when a slab of some material is inside the structure. In this work, the influence that the electric permittivity of the processed sample has on the response of doubly corrugated filters when they are partially filled is studied, showing the limitations of these structures depending on the material. In order to solve these inconveniences, a new patented waveguide bandstop filter based on a combination of irises and posts is proposed [4] . Two monomode prototypes have been manufactured. Their geometry is shown in Table 1 . These filters are connected to a Rohde & Schwarz ZVA67 VNA by using a WR-340 coaxial-to-waveguide transition. In this way, the S 21 parameter is obtained from 2 to 3 GHz. The behaviour of the filters is also tested when three different pieces of marble (ε r1 = 7.90 -j0.3476; ε r2 = 8.18 -j0.1603) and granite (ε r3 = 5.49 -j0.3190) are placed inside of them. 
where |S 21 | is the magnitude of the transmission coefficient and i is the index for each frequency point within the optimized frequency range.
Behaviour of traditional filters:
In order to study the influence of the complex permittivity of the material within the filter, a 2-D parametric sweep simulation has been performed by varying both the dielectric constant and the loss tangent of the sample. The geometry of the simulated structure is the one indicated in Table 1 for the doubly corrugated filter. The sample is placed covering from the first to the last row of posts. Results of the transmission coefficient for the TE 10 mode at 2.45 GHz are shown in Fig. 2 . It can be observed that ε' values under 4 show valid results, regardless the value of tan δ. However, for values of ε' associated with the samples greater than 4 the attenuation decreases to unacceptable levels. Only when both the loss tangent and the dielectric constant reach high values the attenuation becomes acceptable again. Therefore, there is a wide range of (ε', tan δ) pairs where the filter cannot be used with safety. The three materials under study have been experimentally tested by placing them inside the doubly corrugated filter. The transmission coefficient for these materials is shown in Fig. 3 , confirming the inability to deal with them. Genetic algorithms have been employed trying to improve the performance of the filter with these materials by optimizing all the design parameters. The main conclusion is that it is not possible to obtain a doubly corrugated filter which works properly with this kind of materials. This is due to the increase of the effective height of the aperture where the material goes through, which makes impossible to filter the TE 10 mode with only the metallic posts.
Behaviour of new proposed filters:
A novel filter based on a combination of metallic irises and tuning posts has been designed. An optimization procedure based on genetic algorithms has been applied by varying the parameters D, d iris , d post and g when the filter is empty according to the evaluation function in (1). The final parameters are shown in Table 1 . Fig. 4 shows a comparison between simulation and measurements when no material is placed inside the filter, showing a good agreement. When introducing the pieces of marble and granite, a readjustment of the length of the tuning posts must be done, since the dielectric properties of each material are different. Therefore, the structure was optimized again by taking into account each material and, after a manual tuning process, it was possible to obtain excellent attenuation results at the frequency of interest for the three materials as shown in Fig. 5 . From Figs. 4 and 5 one can conclude that this new architecture works properly when it is empty and partially filled with a material. In fact, the attenuation of this new filter is 50 dB higher than the one measured in doubly corrugated filters for the same materials.
Conclusion:
It has been shown that doubly corrugated filters do not work properly when dealing with a wide range of materials. Thus, a new filter based on a combination of metallic irises and tuning posts has been designed, simulated and experimentally validated. Results show that it is possible to obtain good attenuation values with this structure for both the empty filter and when filled with materials. The measured attenuation levels with this new filter when partially filled are 50 dB higher than the ones measured for the traditional doubly corrugated filter for the used materials. Moreover, using tuning posts makes the structure much more flexible, allowing us to deal with different materials with the same base filter. 
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